We designed this study in order to measure the changes in respiratory mechanics during laparoscopic surgery in children. Ventilation parameters (Flow (Ví) and Peak Pressure (Pmax)) were measured and total respiratory system mechanics (resistance (Rrs) and compliance(Crs)) were derived using multiple linear regression analysis in 11 children aged 8 months to 11 years.
The number of surgical procedures that can be performed by laparoscopic techniques in infants and children is increasing. The choice of the anaesthetic technique should consider changes in haemodynamic 1 and respiratory function induced not only by the pneumoperitoneum but also by the anaesthesia itself 2 . Although changes in respiratory mechanics have been well documented in adults [3] [4] [5] , there is a lack of information concerning the effect of laparoscopy on respiratory mechanics and especially changes in respiratory system resistance induced by the pneumoperitoneum in children 6 .
This study was designed to measure the changes in respiratory mechanics during laparoscopic surgery in children.
PATIENTS AND METHODS
Ethics committee approval and written consent was obtained to measure respiratory mechanics in 11 ASA 1 or 2 infants and children aged 8 months to 11 years undergoing abdominal laparoscopic procedures.
Anaesthesia was induced with either an inhalational technique using halothane or intravenously with thiopentone 5 mg/kg. Atracurium 0.5 mg/kg was administered for muscle relaxation and the trachea was intubated with the appropriate sized endotracheal tube avoiding any leak. The choice of a cuffed or uncuffed endotracheal tube was left to the attending anaesthetist. Anaesthesia was maintained with isoflurane in a mixture of 60% nitrous oxide in oxygen and an opioid was used for analgesia. The lungs were ventilated with a CLARE © ventilator using a T-piece circuit in children less than 20 kg in weight or a circle system if the child weighed more than 20 kg. Tidal volume was set so as to maintain an end-tidal CO 2 between 30 and 35 mmHg. Thereafter the ventilator settings were not altered.
Equipment
The measurement equipment, consisting of a pressure port and transducer (Microswitch 142 PC01D) to measure airway opening pressure (Pao) and a pneumotachograph (Hans Rudolph Inc. K.C., Mo., U.S.A.) to measure flow (V') was placed between the patient's endotracheal and the ventilator circuit. The Pao and (V') signals were amplified (Applied Measurement, 022A), low-pass filtered (cut-off frequency 10Hz, Applied Measurement, 043) and stored on computer. All data were collected and analysed using a data acquisition package (Anadat & Labdat, RHT Infodat, Montreal, Canada).
Measurement of respiratory mechanics
Respiratory mechanics were calculated by applying a single-compartment model using multilinear regression analysis 7, 8 to calculate dynamic compliance (Crs,dyn) and respiratory system resistance (Rrs), based on: Pao = V/Crs,dyn + V'Rrs + P A, EE where Pao is the airway opening pressure, V is the volume, V' is the flow and PA, EE reflects the endexpiratory alveolar pressure 9 . The Crs,dyn is the reciprocal of respiratory system elastance (Ers). The multilinear regression analysis calculates the coefficients Crs,dyn, Rrs and PA, EE by fitting the equation of motion of the model to Pao, V and V' measured at the airway opening and produces a weighted average for Crs and Rrs throughout the respiratory cycle.
Study design
After obtaining a steady state ventilation and endtidal CO 2 and prior to insufflation of the peritoneum, a first set of three measurements was performed. The peritoneum was insufflated with carbon dioxide to maintain an intra-abdominal pressure between 10 and 12 mmHg and another set of three measurements was completed prior to surgical start. Measurements were repeated after changes in body position and at the end of the procedure and removal of gas from the peritoneum. All measurements were collected during isoflurane use to avoid any effect of the anaesthetic gas mixture on the flow calibration of the pneumotachograph. Each of the three sets of measurements of Pao and V and V' and their derived values of Crs,dyn and Rrs were averaged to obtain the final results for each patient.
Statistics
Due to the variation in Crs, Rrs and V with age, all data were analysed using analysis of variance for repeated measures (ANOVA) and described as percentage change from baseline. Data are presented as means±SD; P<0.05 was considered statistically significant.
RESULTS
We measured lung function in 11 children with a mean age of 5.3±4.6 years and mean weight of 23.7 ±13.7 kg. The demographic data and the surgical procedures are summarized in Table 1 . There was a bimodal age distribution with six infants and children with a mean age of 1.4±1.1 years and weight of 12.5±2.3 kg. The five older children had a mean age of 10.0±1.4 years and weight of 36.9±8.3 kg.
Ventilation parameters
The baseline mean value for end-tidal CO 2 was 32.2±2.1 mmHg. Intraperitoneal insufflation did not induce a statistically significant increase in P ET CO 2 (32.2±2.1 vs 32.9±4 mmHg, P=0.9). In addition, values after exsufflation were comparable to baseline (respectively 34.8±4.4 vs 32.2±2.1 mmHg, P=0.57). There was no change in tidal volume (Vt) after intraperitoneal insufflation, nor did we observe any change induced by table position or exsufflation (Figure 1 ). However, we observed an increase in peak pressure (P max ) of 26.6% (P<0.05) after CO 2 insufflation with a return to baseline values after exsufflation ( Figure 2 ).
Respiratory mechanics
Respiratory mechanics were affected by CO 2 insufflation. Rrs increased by 20.2% (P<0.05) whilst the Crs decreased by 38.9% (P<0.05) (Figures 3 and 4 ). Placing the patient in the Trendelenberg or reverse Trendelenberg position did not affect these values. After removal of the intraperitoneal CO 2 the Rrs and Crs returned to baseline values. The percentage change of Rrs and Crs was the same in both the age groups identified.
DISCUSSION
This study has shown that there are important changes in the respiratory mechanics of children during laparoscopic surgery. These findings are similar to those demonstrated in adults using a similar approach to measure lung function 5 .
The changes in respiratory mechanics with insufflation result from splinting of the diaphragm and reduced diaphragmatic and chest wall movement. With a volume-limited ventilator this is reflected, as in our study, with an increase in Paw. With a pressurelimited ventilator it will result in reduced tidal volume. In our study the measurements were made without any leak around the endotracheal tube. In practice for small children most anaesthetists choose a tube with a leak. In this case, changes in mechanics will not be reflected by elevations in Paw but by a reduction in delivered tidal volume. This effect will be exaggerated in cases with reduced lung compliance or resistance secondary to airway or lung disease, a situation for which laparoscopic surgery has been recommended 10 . End-tidal carbon dioxide may be raised by both reduced tidal volume and the uptake of intraperitoneal carbon dioxide. It is therefore important to measure tidal volume during insufflation. Maintenance of the appropriate ventilation may be achieved by an increase in the respiratory rate, decreasing the endotracheal tube leak or increasing the delivered tidal volume.
Some studies have suggested that positive pressure ventilation via a laryngeal mask airway (LMA) can be used for laparoscopic procedures in children 11 . Though possibly useful, this technique should be approached with caution as the expired tidal volume may be reduced after insufflation because of the leak around the LMA which has been shown to occur at a variable pressure in children, usually 15 to 20 cm H 2 O 12 .
Lanteri and Sly have previously demonstrated that respiratory mechanics change with age 7 . Rrs is higher in infants than older children. We observed the same relation in the present study, but the percentage change with peritoneal insufflation did not differ in the two age groups
In conclusion, there are clinically important changes in respiratory mechanics in children during laparoscopic procedures. Peritoneal insufflation to 10-12 mmHg produces a significant increase in respiratory system resistance and a decrease in respiratory system compliance. These results should be considered when choosing an anaesthetic technique for laparoscopic surgery. Further research is required to evaluate the changes in lung function when using laparoscopic procedures in children with lung disease.
